PROGRESS IN 
OCEANOGRAPHY 


VOLUME 29 


Editors 
MARTIN V. ANGEL 


Institute of Oceanographic Sciences, 
Wormley, Godalming, Surrey 


and 


ROBERT L. SMITH 


School of Oceanography, 
Oregon State University, Corvallis, Oregon 


© 


PERGAMON PRESS 
OXFORD - NEW YORK - SEOUL - TOKYO 


. 
es 
q 
¥ 
| | 
| 
| 


Progress in Oceanography 


Editors 


Dr. Martin V. Angel 


Institute of Oceanographic Sciences, Wormley, Godalming, 
Surrey GU8 5UB, U.K. 


Professor Robert L. Smith 


College of Oceanography, Oregon State University, Corvallis, 
Oregon 97331-5503, U.S.A. 


Associate Editors 
I. N. McCave (University of Cambridge, U.K.) 
J. Meincke (Universitat Hamburg, Germany) 

C. B. Miller (Oregon State University, U.S.A.) 
M. Omori (Tokyo University of Fisheries, Japan) 


Aims and Scope 


Progress in Oceanography is published as 4 issues per volume and 2 volumes per year. It is a 
journal designed for lengthy papers or collections of papers and complements the major research 
journals which publish shorter works. Contributions are either a review of an aspect of 
oceanography or a treatise on an expanding oceanographic subject. The articles cover the entire 
spectrum of disciplines within the science of oceanography. 


Subscription Rates 1993 


Published as 2 volumes per annum of 4 issues each (January, March, May, June, August, September, 
November, December). 


March 1993 issue. 


Annual Institutional Subscription Rate (1993): £395.00 (US$632.00). Combined subscription 
to Progress in Oceanography with Deep Sea Research Part Il: Topical Studies in 
Oceanography—Annual Institutional Subscription Rate (1993): £665.00 (US$1064.00). 
Sterling prices are definitive. US dollar prices are quoted for convenience only, and are subject 
to exchange rate fluctuation. Prices include postage and insurance and are subject to change 
without notice. Subscription rates for Japan are available on request. 


Specially Reduced Rates to Individuals: Any individual whose institution takes out a library 
subscription may purchase a second or additional subscription for personal use at a much 
reduced rate. 


Subscription enquiries from customers in North America should be sent to Pergamon Press Inc., 
660 White Plains Road, Tarrytown, NY 10591-5153, U.S.A. and for the remainder of the world 
to Pergamon Press Ltd, Headington Hill Hall, Oxford OX3 OBW, U.K. 


At the end of the year the Subscriber will receive the annual subject index. 
© 1993 Pergamon Press Ltd 
Publishing/Advertising Offices 
Pergamon Press Ltd, Headington Hill Hall, Oxford OX3 OBW, U.K. 
Pergamon Press Inc., 660 White Plains Road, Tarrytown, NY 10591-5153, U.S.A. 


Back Issues 
Back issues of all previously published volumes are available direct from Pergamon Press offices. 


| | 

od 

cob, 

5 

Jd 

~ 


CONTENTS 


The Seasonal Upwellings in the Gulf of Guinea 
J.-M. VERSTRAETE 


Equatorial Dynamics in a 2'/-Layer Model 
J. P. McCREARY, Jr. and Z. YU 


Statistical Properties of Arctic Sea Ice Morphology Derived from 
Sidescan Sonar Images 


C. B. SEAR and P. WADHAMS 


Extensive Slope Currents and the Ocean-Shelf Boundary 
J. M. HUTHNANCE 


A Three Dimensional Model of the M,, S,, N,, K, and O, Tides in the 
Celtic and Irish Seas 
A. M. DAVIES and J. E. JONES 


The BOFS 1990 Spring Bloom Experiment: Temporal Evolution and Spatial 
Variability of the Hydrographic Field 
G. SAVIDGE, D. R. TURNER, P. H. BURKILL, A. J. WATSON, 


M. V. ANGEL, R. D. PINGREE, H. LEACH and K. J. RICHARDS 


Recirculating Components to the Deep Boundary Current of the Northern 
North Atlantic 


M. S. McCARTNEY 


: 

‘ 
283 

= 
: 

j 

ll 

id 

ig 


Related Pergamon Titles of Interest 
Journals 


Acta Oceanologica Sinica 

Applied Geochemistry 
Continental Shelf Research 
Deep-Sea Research 

Geochimica et Cosmochimica Acta 
Marine Pollution Bulletin 

Ocean Engineering 


Books 


BARNES: Oceanography and Marine Biology, Volume 27 
DOLMAN: Ports as Nodal Points in a Global Transport System, Pacem in Maribus Volume 
XVIII 
GORSHKOV: World Ocean Atlas 
Volume 1: Pacific Ocean 
Volume 2: Atlantic and Indian Oceans 
Volume 3: Arctic Ocean 
OPEN UNIVERSITY COURSE: Volume 1: The Ocean Basins: Their Structure and 
Evolution 
Volume 2: Seawater: Its composition Properties and 
Behaviour 
Volume 3: Ocean Circulation 
Volume 4: Waves, Tides and Shallow-Water Processes 
Volume 5: Ocean Chemistry and Deep-Sea Sediments 
Volume 6: Case Studies in Oceanography and Marine 
Affairs 
PARSONS et al: A Manual of Chemical and Biological Methods for Seawater Analysis 
PARSONS et al: Biological Oceanographic Processes, 3rd Edition 
PICKARD & EMERY: Descriptive Physical Oceanography, Sth Edition 
POND & PICKARD: Introductory Dynamical Oceanography, 2nd Edition 
RAYMONT: Plankton and Productivity in the Oceans, 2nd Edition Volume 1 
TCHERNIA: Descriptive Regional Oceanography 
VANDERMEULEN: Ocean Technology, Development, Training and Transfer, Pacem in 
Maribus Volume XVI 
WILLIAMS & ELDER: Fluid Physics for Oceanographers and Physicists 


Full details of all Pergamon publications/free specimen copy of any Pergamon journal 
available on request to your nearest Pergamon office. 


q 
q 
q 
| 
| 
i 
i 


CONTENTS OF SOME PREVIOUS VOLUMES 


VOLUME 15 


The structure and evolution of plankton communities 
LONGHURST, A. R. 


The ecology of the deep-sea benthic and benthopelagic fish on the slopes of the Rockall Trough, 
Northeastern Atlantic 


Gorpbon, J. D. M. and Duncan, J. A. R. 


A three dimensional modal model of wind induced flow in a sea region 
Davies, A. M. 


Array design by inverse methods 
BENNETT, A. F. 


Water masses and circulation in the western Alboran Sea and in the Straits of Gibraltar 
GASCARD, J. C. and RICHEZ, C. 


Changing coastal oceanography of the Black Sea 


1. Northwestern shelf 
TOLMAZIN, D. 


2. Mediterranean effluent 
TOLMAZIN, D. 


VOLUME 16 


On the total geostrophic circulation of the South Pacific Ocean: Flow patterns, tracers and transports 
REID, J. L. 


The termination of the equatorial undercurrent in the Eastern Pacific 
Lukas, R. 


A synthesis of the First GARP Global Experiment (FGGE) in the equatorial Atlantic Ocean 
MouinaRi, R. L., GARZOLI, S. L., Katz, E. J., HARRISON, D. E., RICHARDSON, P. L. and 
REVERDIN, G. 


A numerical model study of the Alboran Sea gyre 
PRELLER, R. H. 


Role of large particles in the transport of elements and organic compounds through the oceanic water 
column 
Fow er, S. W. and KNAUER, G. A. 


The Storm Surge Problem in the Bay of Bengal 
Murty, T. S., FLATHER, R. A. and HENRY, R. F. 


Thermostads and circulation in the upper layer of the Atlantic Ocean 
TsucHIYA, M. 


q 
q 
q 


x Contents of Some Previous Volumes 


VOLUME 17 


Particulate matter distributions, chemistry and flux in the Panama Basin: response to environmental 
forcing 


J. K. B. BisHop, J. C. STEPIEN and P. H. WIEBE 


Oceanic variability off the central California coast 
L. C. BREAKER and C. N. K. MOOERS 


Hydrographic variability west of the Galapagos Islands during the 1982-83 El Nino 
S. P. Hayes, L. J. MANGUM, R. T. BARBER, A. HUYER and R. L. SMITH 


Japan, East China and Yellow Sea studies 
Guest Editors 
T. IcutYE, K. TAKANO and J. D. MILLIMAN 
East China and Yellow Seas 
Tsushima current 
Japan Sea 
Theoretical studies and modelling 


VOLUME 18 


Global change and the measurement of absolute sea-level 
J. M. DIAMANTE, T. E. PYLE, W. E. CARTER and W. SCHERER 


Future sea-level rise and its early detection by satellite remote sensing 
R. H. THOMAS 


Sea-level modelling: The past and the future 
B. DENNESS 


Project NOAH: Regulating modern sea-level rise. Phase II: Jerusalem underground 
W. S. NEwMAN and R. W. FAIRBRIDGE 


Sea-level, sediment supply and coastal changes: Examples from the coast of Ireland 
R. W. G. CARTER, T. W. JOHNSTON, J. MCKENNA and J. D. ORFORD 


Hydrodynamic variations and correlations with quaternary sea-level change on a rocky coast in Corsica, 
Western Mediterranean 


O. CONCHON 


The past, present and future evolution of Hurst Castle Spit, Hampshire 
R. J. NICHOLLS and N. B. WEBBER 


Beach and shoreface response to sea-level rise: Ocean City, Maryland, U.S.A. 
S. P. LEATHERMAN 


Influence of water-level elevation and tidal range on the sedimentation in a German tidal flat area 
R. DIECKMANN, M. OSTERTHUN and H.-W. PARTENSCKY 


West African Holocene stratigraphy, transgressions and climatic changes 
J. MEDUS 


Holocene sea-level changes on Jersey 
R. L. Jones, D. H. KEEN, J. F. BiRNIE and D. T. HOLYOAK 


Coastal sedimentation in East Sussex during the Holocene 
S. JENNINGS and C. SMYTH 


Evidence of sea-level change from coastal caves with raised beach deposits, terrestrial faunas and dated 
stalagmites 


A. J. SUTCLIFFE, A. P. CURRANT and C. B. STRINGER 


| 


Contents of Some Previous Volumes 


Sea-level applications and management 
R. J. N. DEvoy 


Holocene excursions of the northwest European geoid 
W. S. NEWMAN and C. BAETEMAN 


Recent sea-level changes and related engineering problems in the lagoon of Venice (Italy) 
P. A. PIRAZZOLI 


VOLUME 19 


Hydrographic conditions in the Eastern Pacific before, during and after the 1982/83 El Nino 
A. LEETMAA, D. W. BEHRINGER, A. HuYER, R. L. SMITH and J. TOOLE 


Recent advances in the knowledge of the climatic variations in the tropical Pacific Ocean 
J. R. DONGuY 


Incongruous larvae and the origin of some invertebrate life-histories 
D. I. WILLIAMSON 


Mechanisms for linear sandbank formation and maintenance in relation to dynamical oceanographic 
observations 


C. PATTIARATCHI and M. COLLINS 


Effects of longshore shelf variations on barotropic continental shelf waves, slope currents and ocean 
modes 


J. M. HUTHNANCE 


Summer upwelling on the southeastern continental shelf of the U.S.A. during 1981 
G. A. PAFFENHOFER, L. P. ATKINSON, J. O. BLANTON, T. N. LEE, L. R. POMEROY and J. A. YODER 


Hydrographic observations 
L. P. ATKINSON, T. N. LEE, J. O. BLANTON and G. A. PAFFENHOFER 


Circulation 
T. N. LEE and L. F. PIETRAFESA 


Circulation modelling 
J. LORENZZETTI, J. D. WANG and T. N. LEE 


The structure of shelf and Gulf Stream motions in the Georgia Bight 
P. HAMILTON 


Interactions of phytoplankton, zooplankton and microorganisms 
L. R. Pomeroy, G. A. PAFFENHOFER and J. A. YODER 


Distribution and abundance of particulate matter 
G. A. PAFFENHOFER and T. N. LEE 


Abundance, distribution and patch formation of zooplankton 
G. A. PAFFENHOFER, B. K. SHERMAN and T. N. LEE 


Summary and conclusions 
G. A. PAFFENHOFER, L. P. ATKINSON, J. O. BLANTON, T. N. LEE, L. R. POMEROY and J. A. YODER 


VOLUME 20 


The nearshore zone during coastal upwelling: daily variability and coupling between primary and secondary 
production off Central Chile 


W. T. PETERSON, D. F. Arcos, G. B. MCMANus, H. DAM, D. BELLANTONI, T. JOHNSON and 
P. TISELIUS 


x 
| 
x 
: 


xii Contents of Some Previous Volumes 


Characteristics, dynamics and significance of marine snow 
A. L. ALLDREDGE and M. W. SILVER 


Decadal and pentadal distributions of hydrographic stations at 1000 m depth for the world ocean 
S. LEviTus 


The “great salinity anomaly” in the northern North Atlantic 1968-1982 
R. R. Dickson, J. MEINCKE, S. A. MALMBERG and A. J. LEE 


On the helical nature of neutral trajectories in the ocean 
T. J. MCDOUGALL and D. R. JACKETT 


Neutral-surface potential vorticity 
T. J. MCDOUGALL 


Neocalanus flemingeri, a new species of Calanidae (Copepoda: Calanoida) from the Subarctic Pacific Ocean, 
with a comparative redescription of Neocalanus plumchrus (Marukawa) 1921 
C. B. MILLER 


Development and growth of large, Calanid copepods in the Subarctic Pacific Ocean, May 1984 
C. B. MILLER and R. D. NIELSEN 


Revised life history analysis for large grazing copepods in the Subarctic Pacific Ocean 


C. B. MILLER and M. J. CLEMONS 


VOLUME 21 


The flow of Mediterranean water through the Strait of Gibraltar 
L. Armi and D. M. FARMER 


The flow of Atlantic water through the Strait of Gibraltar 
D. M. FARMER and L. ARMI 


Aspects of marine microbiology 
Guest Editors: E. B. G. Jones and J. D. MILLER 


Japan and East China Seas Study 
Guest Editor: K. TAKANO 


VOLUME 22 


Vertical profiles of pelagic communities in the vicinity of the Azores front and their implications to deep 
ocean ecology 


M. V. ANGEL 


The biological pump: profiles of plankton production and consumption in the upper ocean 
A. R. LONGHURST and W. G. HARRISON 


Circulation and hydrography of the Levantine Basin: results of POEM coordinated experiments 1985-1986 
E. Ozsoy, A. HECHT and U. UNLUATA 


Large scale circulation of the North Pacific Ocean 
D. ROEMMICH and T. MCCALLISTER 


The formation of Polar Surface Water, the ice export and the exchanges through the Fram Strait 
B. RUDELS 


Travel time changes in a tomography array caused by a sea ice cover 
J. GUOLIANG and P. WADHAMS 


Carbon and nitrogen cycling within the Bering/Chukchi Seas: Source regions for organic matter effecting 
AOU demands of the Arctic Ocean 


J. J. WALSH et al. 


a 

| 

: 


Contents of Some Previous Volumes 


VOLUME 23 


The hydrolytic scavenging of metal ions by marine particulate matter 
S. L. CLEGG and J. L. SARMIENTO 


Pigment distribution in the Caribbean Sea: Observations from space 
F. E. MULLER-KARGER, C. R. McC ain, T. R. FISHER, W. E. Esatas and R. VARELA 


U.S. interdisciplinary modeling studies of coastal-offshore exchange processes: Past and future 
J. S. WROBLEwSKI and E. E. HOFMANN 


Source waters of the Pacific equatorial undercurrent 
M. TsucHTIYA, R. LUKAS, R. A. FINE, E. FIRING and E. LINDSTROM 


On the total geostrophic circulation of the South Atlantic Ocean: Flow patterns, tracers, and transports 
J. L. REID 


Nitrogen exchange at the continental margin: A numerical study of the Gulf of Mexico 
J. J. WALSH, D. A. DIETERLE, M. B. MEYERS and F. E. MULLER-KARGER 


Celtic and Armorican slope and shelf residual currents 
R. D. PINGREE and B. LE CANN 


VOLUME 24 


Deep-sea biology 
Guest Editors: M. V. ANGEL and M. SIBUET 


VOLUME 25 


Columbia River Estuary studies: An introduction to the estuary, a brief history, and prior studies 
C. A. SIMENSTAD, L. F. SMALL, C. D. MCINTIRE, D. A. JAY and C. SHERWOOD 


Sedimentary geology of the Columbia River Estuary 
C. R. SHERWOOD and J. S. CREAGER 


Circulation, density distribution and neap-spring transitions in the Columbia River Estuary 
D. A. Jay and J. D. SMITH 


Modelling salinity and circulation for the Columbia River Estuary 
P. HAMILTON 


Energetics and sedimentary processes in the Columbia River Estuary 
D. A. Jay, B. S. GIESE and C. R. SHERWOOD 


Primary production, plant and detrital biomass, and particle transport in the Columbia River Estuary 
L. F. SMALL, C. D. McINTIRE, K. B. MACDONALD, J. R. LARA-LARA, B. E. FREY, M. C. AMSPOKER 
and T. WINFIELD 


Community structure, distribution, and standing stock of benthos, epibenthos, and plankton in the Columbia 
River Estuary 


K. K. Jones, C. A. SIMENSTAD, D. L. HIGLEY and D. L. Bottom 


Species composition, distribution, and invertebrate prey of fish assemblages in the Columbia River 
Estuary 


D. L. Bottom and K. K. JONEs 


Consumption processes and food web structure in the Columbia River Estuary 
C. A. SIMENSTAD, L. F. SMALL and C. D. MCINTIRE 


Historical changes in the Columbia River Estuary 
C. R. SHERWOOD, D. A. JAy, R. B. HARVEY, P. HAMILTON and C. A. SIMENSTAD 


: 
xiii 

a 

3 

| 

4 

} 


xiv Contents of Some Previous Volumes 


VOLUME 26 


Upper-level circulation in the South Atlantic Ocean 
R. C. PETERSON and L. STRAMMA 


The “particle” flux: origins and biological components 
M. W. SILVER and M. M. GOwING 


Evaluation of tsunami amplitudes for the Pacific coast of Canada 
D. DunBar, P. LeBLOnND and T. S. MuRTY 


Variational data assimilation and parameter estimation in an equatorial Pacific Ocean model 
O. M. SMEDsTAD and J. J. O'BRIEN 


The fluid mechanics of copepod feeding in a turbulent flow: a theoretical approach 
T. C. GRANATA and T. D. DICKEY 


Light and marine photosynthesis: a spectral model with geochemical and climatological implications 
A. MOREL 


The ocean boundary along the northwest African coast: circulation and oceanographic properties at the 
sea surface 


E. MITTELSTAEDT 


Upwelling and boundary circulation off northwest Africa as depicted by infrared and visible satellite 
observations 


L. VAN Camp, L. NYKJ4R, E. MITTELSTAEDT and P. SCHLITTENHARDT 


VOLUME 27 


The hydrography of the North Atlantic in the early 1980s. An atlas 
I. FUKUMORI, F. MARTEL and C. WUNSCH 


Efficient representation of the North Atlantic hydrographic and chemical distributions 
I. FUKUMoRI and C. WUNSCH 


Circulation about the Mediterranean Tongue: An analysis of an EOF-based model ocean 
I. FUKUMORI 


Is the Leeuwin Current driven by Pacific heating and winds? 
J. S. GopFREY and A. J. WEAVER 


The near surface tropical Atlantic in 1982-1984: Results from a numerical simulation and a data analysis 
G. REVERDIN, P. DELECLUSE, C. LEvy, P. ANDRICH, A. MORLIERE and J. M. VERSTRAETE 


Numerical experiments relating to the “Great Salinity Anomaly” of the seventies in the Greenland and 
Norwegian seas 


S. LEGUTKE 


A numerical ocean circulation model of the Norwegian and Greenland Seas 
D. P. STEVENS 


A new view of near-shore dynamics based on observations from HF radar 
D. PRANDLE 


VOLUME 28 
Short-term variability during an Anchor Station study in the Southern Benguela upwelling system 


Introduction 
P. CHAPMAN and G. W. BAILEY 


q 
a 
; 
{ 
| 
| 
i ’ 


Contents of Some Previous Volumes 


Chemical and physical oceanography 
G. W. BAILEY and P. CHAPMAN 


Phytoplankton dynamics 
G. C. PiTcHER, D. R. WALKER, B. A. MITCHELL-INNES and C. L. MOLONEY 


Phytoplankton production and biomass in relation to species changes 
B. A. MITCHELL-INNEs and D. R. WALKER 


Abundance, distribution and estimated production of mesozooplankton with special reference to 
Calanoides carinatus (Kr@yer, 1849) 
H. M. VERHEYE 


A simulation model 


K. L. COCHRANE, A. G. JAMES, B. A. MITCHELL-INNES, G. C. PITCHER, H. M. VERHEYE and 
D. R. WALKER 


Nitrogen supply to the euphotic zone during a quiescent phase in the upwelling cycle 
H. N. WALDRON and T. A. PROBYN 


Fecundity estimates of the dominant copepod, Calanoides carinatus 
D. A. ARMSTRONG, H. M. VERHEYE and A. D. Kemp 


Space and time scales for optimal interpolation of temperature—Tropical Pacific Ocean 
G. MEYERS, H. PHILLIPS, N. SMITH and J. SPRINTALL 


A univariate statistical interpolation scheme for subsurface thermal analyses in the Tropical Oceans 
N. R. Situ, J. E. BLOMLEY and G. MEYERS 


A Statistical description of the mean circulation and eddy variability in the Northwestern Atlantic using 
SOFAR floats 


W. B. OwENS 


Circulation and water properties of the Southwest Indian Ocean, Spring 1987 
M. L. GRUNDLINGH, R. A. CARTER and R. C. STANTON 


Light scattering by microorganisms in the open ocean 
D. STRAMSKI and D. A. KIEFER 


xv 
he 
: 
4 
4 
$ q 
> 
q 
3 
q ‘ 
fe 
| 
‘ 


iy 
: 
: 
fe 
: 
‘ 
: 
: 
‘ 
: 5 


